INTRODUCTION
have shown that different varieties, strains and ecotypes of Lotus corniculatus L. exhibit differences in their ability to survive winter conditions in Canada. Bubar (1964, personal communication) has indicated that he has no evidence to suggest that acyanogenic plants are either more or less subject to winter injury than cyanogenic plants. This report contains the results of a formal investigation of (1) the problem of winter survival, (2) the production of seed by plants of different phenotype, and (3) the reanalysis of some data presented by Dawson (1941) and by Daday (1954) .
SURVIVAL OF MATURE PLANTS
During the early summer of 1966 clones were established from 42 plants of L. corniculatus. In late summer the plants were arranged in the experimental field using a randomised block, spaced plant design. The original plants were grown from seed and represented the four possible phenotypes with respect to cyanogenic glucosides and fl-glucosidase production and in most cases each clone was represented by 6 replicates. A grand total of 242 experimental plants were used and these were derived from 15 which 2S2 contained both glucosides and enzyme, 16 which contained neither, 6 had only the glucosides while 5 had only the enzyme. The limits on the smaller classes were imposed by the number of plants available for cloning. The original seed samples came from England and Wales on the one hand and from Denmark and Sweden on the other and the data have been partitioned as British/Scandinavian accordingly. Use was made of the scheme for disproportionate numbers in an R x 2 table outlined by Snedecor and Cochran (1967) Clearly not all the plants used in the survival experiments were alive to produce seeds and even some of those which were alive throughout the harvesting period produced no seeds at all. This means that there are three ways in which the data can be grouped. Firstly, we may include only those plants which produced seeds; secondly, we can consider those plants which were alive during the harvesting period, whether they produced seeds or not; and thirdly, there is the overall seed production of all 242 plants used in the experiment.
The analysis of variance in table 3 reveals that the effect of difference between plants is greater than differences between habitats or phenotypes, and even when we consider only those plants which produced seeds the mean square for habitats, although large, is not significant. This evidence suggests that the cyanogenic phenotype and the source of the plant material has little effect on seed production in the conditions under which the plants were grown. It is noticeable how consistent are the mean squares for within clones and between plants, showing that the individuals which died early and those which did not produce seed were a random sample of all the plants.
DEVELOPMENTAL VtABILITY OF Lotus corniculatus
In his paper on the inheritance of cyanogenesis in L. corniculatus, Dawson (1941) has listed both the number of seeds sown and the number of seeds germinated in addition to the results of reciprocal crosses. The percentage germination was high (not less than 95 per cent.), but there was considerable mortality between germination and the age at which the plants were tested for cyanogenesis. This breeding data can be used, therefore, to examine whether there are any differences between the reciprocal crosses with respect to segregation at the glucoside locus during the maturation of the plants. Table 4 is a summary of the 13 crosses Aaaa x aaaa and their reciprocals.
When these reciprocal crosses and the pooled data are examined as 2 x 2 contingency tables the results listed in table 5 are obtained. Thus there is no significant departure from contingency in the pooled data, but the crosses are highly heterogeneous. Analysis of x2 reveals that 4 of the 13 reciprocal crosses are significant. Thus in 9 of the crosses and their reciprocals there is no evidence of a consistent effect (either maternal or paternal) on survival to maturity. On the other hand, 4 matings do show a significant difference between the reciprocal crosses, but note that plant 540 is the aaaa parent in three of these matings. The behaviour of this plant both as seed parent and pollen parent in the 6 crosses in which it was used was, however, also heterogeneous and so the progeny of plant 540 did not behave in a rational
way (see table 6 ). Furthermore, Dawson has shown that the overall data are not heterogeneous for the segregation expected from a cross Aaaa x aaaa (table 7) , and therefore it can be concluded that the differential survival from seedling to maturity is unlikely to be associated with the character of cyanogenesis, when the plants are grown under experimental conditions. Daday (1954) lists the phenotypes of T. reftens plants grown from seed samples collected from various localities in Europe. This data has been reworked using angular transformation of the phenotype frequencies and not the supposed allele frequencies. The analysis of variance in table 8 reveals that the regression of the frequency of the enzymatic form on the glucosidic form is highly significant. The reasons for using the phenotype frequencies will be discussed in the fourth paper of this series.
SEED SAMPLES FROM WILD POPULATIONS OF Trjfolium repens AND Lotus corniculatus
Similar data have now been obtained for Lotus corniculatus and they are presented in table 9. A population was sampled by collecting one pod from each of at least 20 plants. All the seeds from one population were mixed together. Samples of these seeds were sown and the phenotype frequencies in the resultant plants were determined.
The analysis of variance of regression in 
DiscussioN
Cyanogenesis in Trzfolium repens and Lotus corniculatus is determined by the action of a -glucosidase on two cyanogenic glucosides, linamarin and lotaustralin. It appears that the biochemical systems are very similar in the two species (Butler, 1965) , but study of the enzymes is still at an early stage (Hughes, 1968) . Evidence has been presented by Jones (1966) that the selective eating of the acyanogenic form of L. corniculatus by certain molluscs is likely to be important in the dynamics of the polymorphism and he suggested that selective eating might be important in T. repens also. On the other hand, Bishop and Korn (1969) obtained no evidence of selective 638 NOTES AND COMMENTS enzyme and the glucosides is very similar in each species. The evidence also points to the production of HCN being an important function of the enzyme substrate system in both species. occasions that selective eating may be important in this species (Corkill 1952; Daday, 1955; W. Ellis Davies, 1967, personal communication) . Previously, Daday (1965) was able to demonstrate by direct experimentation that the acyanogenic form of T. repens was at a selective disadvantage in a coastal environment in New South Wales (January mean temperature 22° C., July mean temperature 13° C.) whereas the cyanogenic form was a disadvantage in an alpine environment in N.S.W. where the January mean temperature is 12° C. and the July mean temperature -2°C. He suggests that it is not the cyanogenic character per se which is responsible for the advantage of such plants at high winter mean temperature, but that the locus concerned with cyanogenic glucoside production is genetically linked to genes concerned with fitness responses to temperature. His evidence, that plants which contain cyanogenic glucosides but no enzyme (phenotypically acyanogenic) are as fit as acyanogenic plants, supports this hypothesis. Obviously the suggestion could be proved or disproved quite simply by the appropriate breeding programme.
The work reported earlier in this paper suggests that the cyanogenic phenotype has little or no effect on survival by L. corniculatus of either winter or summer conditions in England.
On the surface, therefore, it appears that the selective agents are different in the two species and yet the polymorphisms of cyanogenesis are essentially the same. This is not to say that selective eating of T. repens and effects of temperature on L. corniculatus are always unimportant; it merely indicates that these selective agents are relatively trivial in the experiments which have been carried out so far.
If winter temperature is the sole or major selective agent in T. repens it is difficult to understand why the populations remain polymorphic. It is more likely that the selection is cyclical. For example, in habitats where the mean temperature is high in summer cyanogenic plants have an advantage because of physiological superiority and perhaps lack of predation. In winter, on the other hand, the acyanogenic form may be at an advantage because of frost resistance. In regions where the summer temperature is low, the selective advantage associated with the cyanogenic form could well be lower than in the warmer regions and so the net effect of the cyclical selection may favour the acyanogenic forms.
From the evidence presented earlier this explanation is unlikely to hold for L. corniculatus. Survival of winter and summer does not apparently depend upon the cyanogenic phenotype nor yet on genes genetically linked to the glucoside locus. In the fourth paper of this series (Jones, in preparation) evidence will be presented showing that the distribution of the cyanogenic forms of L. corniculatus in Europe does not parallel that of T. repens, although there are similarities. This result also suggests that winter temperature is of much less importance in determining the distribution of the cyanogenic form of L. corniculatus.
The apparent paradox in the response of the various cyanogenic and acyanogenic forms of the two species to selection by temperature is, therefore, simply resolved. In L. corniculatus, the genes concerned with temperature response are not genetically linked to the glucoside locus while in T. repens they are. In T. repens there is, consequently, a correlated response of the glucoside locus to selection and this is reflected in the frequency distribution of the cyanogenic form. Why there should be this difference in genetic architecture between the two species is a problem which requires further investigation. Whatever explanation there is for these differences it must also accommodate the interactions between the species which were reported previously (Jones, 1968) .
As far as the selective eating of the acyanogenic form of L. corniculatus is concerned it is now necessary to determine the distribution and abundance of molluscs in relation to the distribution of cyanogenic plants. This should reveal whether selective eating is important or trivial in natural populations. Further population studies and selection experiments are in progress.
In both T. repens and L. corniculatus there is a high correlation between the frequency of plants containing the cyanogenic glucosides and the frequency of plants containing the -glucosidase. HCN is not evolved by plants containing both the glucosides and the enzyme unless the plant is damaged, in which case the production of HCN begins immediately (Corkill, 1942) .
There can be little doubt, therefore, that the production of HCN is a response to plant damage and the HCN, being highly toxic, could be a device for preventing further damage by grazing animals. This does not in any way rule out the probability that individuals or species may be partly or wholly resistant to HCN in the quantities evolved by these plants. 2. Scandinavian plants appear to be less suited to summer conditions in England than do British plants.
3. There is no difference between cyanogenic and acyanogenic plants in their ability to survive from seed to maturity under horticultural management.
4. A strong correlation between the frequency of the allele determining cyanogenic glucosides and the allele determining the -glucosidase has been demonstrated for populations of Lotus corniculatus.
5. The role of temperature in the maintenance of the polymorphism of cyanogenesis in Trfo1ium rep ens and Lotus corniculatus is discussed and an explanation of the differences observed is suggested.
